Introduction. Trial of labor (TOL) is an option in most deliveries after a previous cesarean section (CS). The Medical Birth Registry of Norway (MBRN) has received compulsory notification of all deliveries in the country since 1967, including data that could identify TOL in epidemiologic research. The objective of this study was to validate MBRN data for identification of TOL deliveries after a previous cesarean section (CS). Material and methods. The MBRN provided a random national sample of 500 birth order two deliveries during 1989-2012 in women with a registered birth order one CS delivery. The reporting maternity units were asked to complete a questionnaire on data items in both deliveries, using hospital record data as the gold standard. Results. Completed questionnaires were returned for 477 women (95.5%) with data on both deliveries. An algorithm to identify TOL using MBRN data from the birth order two delivery had a positive predictive value of 93.2%, a negative predictive value of 93.5%, a sensitivity of 96.1%, and a specificity of 88.8%. Validity of MBRN data on mode and onset of delivery, CS subtype, and planned mode of delivery is also reported. Conclusions. MBRN data on planned and actual mode of delivery, CS subtype, and the algorithm to identify TOL in deliveries after a previous CS had satisfactory quality for a registry-based study of TOL.
Introduction
Trial of labor (TOL) after a previous cesarean section (CS) is associated with increased risk of fetal compromise and maternal morbidity. However, repeat CS increases the risk of maternal mortality, prolonged hospital stay, and possible complications in later deliveries (1) . Thus, TOL is considered an option in most such deliveries (2) .
In Norway, maternity care is publicly financed, with national, evidence-based practice guidelines. An increasing proportion of pregnant women have a uterine scar from a previous CS. From 1989 to 2013, the CS rate increased from 12.9 to 16.3%. In 1989, term, singleton, cephalic deliveries subsequent to a CS accounted for 2939 (4.9%) of all deliveries. In 2013, such deliveries accounted for
Key Message
Data in the Medical Birth Registry of Norway on delivery plan, start, and mode after a previous cesarean section were validated against a sample of hospital records. Trial of labor could be identified with a positive predictive value of 93.2%. 4986 (8.3%) of all deliveries (all figures available at http://statistikkbank.fhi.no/mfr/, accessed 26 July 2016).
There is considerable variation in repeat CS rates between regions and maternity units, and over time (3) . This calls for epidemiological surveillance and studies to identify temporal trends, to account for TOL rate differences, and to identify causes and consequences of TOL and TOL failure. Many studies report on the actual route of delivery, whereas intended route may be more relevant in clinical research (4) . Identification of true TOL cases from routinely collected data may be challenging due to ambiguous definitions, variable collection practices, and lack of specific data. Still, identification of TOL deliveries may be achieved by combining registry items that indicate intended delivery mode (5) .
The Medical Birth Registry of Norway (MBRN) was established in 1967. All practitioners and maternity units are obliged to send data to the MBRN on all deliveries Figure 1 . Hierarchy, sequence, and yield of the validated algorithm to identify trial of labor after a previous cesarean section (CS), applied on sampled Medical Birth Registry of Norway data on birth order two deliveries, with available hospital record information (n = 477).
(6,7), and results for each maternity unit are reported yearly. Data quality is essential in planning, execution, and interpretation of studies based on MBRN data. The objective of this study was to validate MBRN data for identification of TOL deliveries after a previous CS.
Material and methods
MBRN sub-classification into acute or elective CS was introduced in 1989, as was data on planned CS delivery (3, 4) . At project start, MBRN data were available through 2012. During 1989-2012 there were 1 239 059 deliveries reported to the MBRN, of which 57 313 were birth order two deliveries after a previous CS. Based on the assumptions that 50% of deliveries after a previous CS were TOL, an a-value of 0.05 and a power of 0.8, a sample of 387 women would be necessary to detect a significant difference in TOL rates in the MBRN and the hospital records.
To compensate for missing or incomplete hospital records, non-responding units and the arbitrary set prevalence estimation of 50%, a sample size of 500 deliveries (0.9%) was chosen. The random sample of deliveries covered 43 maternity units, including all maternity units currently performing CS deliveries. The women were identified by the national identification number. For practical reasons, only women with both deliveries in the same maternity unit were included.
We prepared and sent out to all units a cover letter including the study protocol as well as a tick-box-based questionnaire with free text fields for additional information. Instructions based on MBRN definitions were included in the questionnaire. The maternity units were asked to report on the first and second delivery for each woman based on data in the hospital records, not on the data already forwarded to the MBRN. Non-responding maternity units were contacted by telephone and offered personal assistance, which was provided for two maternity units by the first and third author. Data collection started in June 2014 and was completed in December 2015.
The questionnaire covered planned mode of delivery, onset of delivery (spontaneous, induced, CS), actual mode of delivery (vaginal or CS with CS subtypes; acute, elective, unspecified/no information). These questionnaire items corresponded with MBRN record items, CS subtype ("acute", "elective" or "unspecified"), onset of delivery (spontaneous labor, induction or CS), and whether a CS was planned. In the MBRN, a CS is considered to be planned if it was decided more than eight hours before the procedure and elective if it was performed as planned (https://www.fhi.no/en/health-in-norway/health-registries/ medical-birth-registry-of-norway/notification-of-birth-tothe-medical-birth-registry-of-norway, accessed 3 August 2016). If the timespan from decision to procedure as such could not be determined from the hospital record, we instructed the maternity units to complete this item based on the terms used to describe the procedure (i.e. operation notes or discharge letters). The questionnaire also covered whether an attempt at vaginal delivery was made.
An algorithm was established to identify TOL based on MBRN data (Figure 1 ). The MBRN TOL group comprised all vaginal deliveries and deliveries with induced labor (any method). The MBRN non-TOL group comprised all elective CS deliveries. Remaining CS deliveries (acute or unspecified) were considered MBRN non-TOL if a plan to deliver by CS was recorded or if the CS was reported as the onset of delivery. Remaining deliveries were considered unclassifiable by the MBRN data. The hospital records TOL group comprised all deliveries reported in the questionnaire as vaginal, planned vaginal at onset of delivery or admission, or attempted vaginal (including induced labor). Remaining deliveries were considered hospital records of non-TOL.
Scrutiny of the questionnaires and data entry were performed by the first author under supervision of the last author, both specialists in obstetrics and gynecology. The free-text fields were used to adjust and supplement tickbox items, and tick-box items were cross-checked for consistency, for example by registering "attempted vaginal delivery" as "yes" if the free-text reported a second stage CS after interventions to further a vaginal delivery, or induction of labor. The scrutiny and data entry were blinded with respect to the MBRN data. The MBRN data including the TOL algorithm were cross-tabulated against the hospital records. We calculated positive predictive value and negative predictive value for each item with a 95% confidence interval (8) . The population-based nature of the MBRN also allowed for calculations of sensitivity and specificity.
We used IBM SPSS software version 20.0 (IBM Corp., Armonk, NY, USA). The Regional Committee for Medical and Health Research Ethics approved the study (REK vest permit no. 2013/1488).
Results
Completed questionnaires were returned for 477 women (96.4%) from 41 of the 43 maternity units, with data on both deliveries. Of these, single items that could not be ascertained by hospital record review were reported in less than 2% of the women. The proposed algorithm to identify TOL cases using MBRN data from the birth order two delivery had a positive predictive value of 93.2%, a negative predictive value of 93.5%, a sensitivity of 96.1%, and a specificity of 88.8% (Table 1) . Results for each of the validated MBRN variables are presented in Table 2 (planned CS), Table 3 (onset of delivery), and Table 4 (vaginal delivery and subtype of CS).
Discussion
MBRN data on planned and actual mode of delivery and CS subtype in deliveries after a previous CS had sufficient validity for epidemiological research. The proposed algorithm had a positive predictive value of 93.2%, which we consider acceptable for a population-based study of TOL.
A comprehensive validation study of the Swedish Medical Birth Register found a similar pattern as in the present study of good quality with regard to data on obstetric operations, but lower quality with regard to induction of delivery (9) . A study of MBRN data vs. hospital records in one Norwegian county has shown a positive predictive value of 51% for medically initiated delivery at term (10) . This also agrees well with our findings for onset of delivery by induction (positive predictive value 56.9%). We are not aware of other studies regarding the quality of MBRN data on delivery plan, onset, mode, or CS subtype.
The strengths of the study include the populationbased design, with random selection of cases throughout the country. Processing of the hospital data was blinded Table 3 . Positive predictive value (PPV), negative predictive value (NPV), sensitivity, and specificity, with 95% confidence intervals (CI) of data in the Medical Birth Registry of Norway (MBRN) on planned delivery mode in cesarean section (CS) deliveries (planned/not planned), against hospital records, in cephalic, term, singleton, birth order two deliveries after a previous CS.
MBRN

Hospital records
Validity measures, onset of delivery* for data previously reported to the MBRN. However, the validation was based on hospital records completed up to 27 years back in time. Misleading information in the hospital records, and hence in the questionnaires, cannot be ruled out.
On the other hand, the studied variables represent clinically important events that usually would be entered into the hospital records as a matter of good medical practice. There was very limited use of the option "don't know"/ "not available" for single items in the questionnaires (<2% of the women). Additionally, the informants were midwives and doctors at the maternity units, with competence in using the hospital record systems and presumed skills in recognizing the core clinical events in a patient history.
In general, we therefore expect that the records review has provided a correct picture of the clinical situation, more detailed than the data previously reported to the MBRN. For practical purposes, we consider the hospital record the best source available for a validation study of register data on deliveries.
There were 218 MBRN "no info" cases with regard to the variable "planned CS" ( Table 2 ). The probable reason for the large "no info" proportion was that the maternity units are instructed to complete this tick-box in CS deliveries only (https://www.fhi.no/en/health-in-norway/hea lth-registries/medical-birth-registry-of-norway/notifica tion-of-birth-to-the-medical-birth-registry-of-norway, accessed 3 August 2016), and of the total 477 deliveries, 206 were vaginal.
Misclassification of delivery intervention data may cause incorrect estimation of incidence. Bias towards the null, usually the result of non-differential misclassification, reduces the ability of epidemiological studies to identify true associations between exposures and outcomes (11) . Determining an acceptable level of data quality depends on study objective and design, particularly sample size and expected rate differences, and should be discussed in relation to each study in particular.
Conclusions
MBRN data on planned and actual mode of delivery, CS subtype, and the algorithm to identify TOL in deliveries after a previous CS had satisfactory quality for a registrybased study of TOL. Table 4 . Positive predictive value (PPV), negative predictive value (NPV), sensitivity, and specificity, with 95% confidence intervals (CI) of data in the Medical Birth Registry of Norway (MBRN) on delivery mode, and cesarean section (CS) subtype, against hospital records, in cephalic, term, singleton, birth order two deliveries after a previous CS. for sampling the registry population and providing us with the MBRN data file.
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